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Executive Summary
This study focuses on a factual and empirically based assessment as to whether or not agricultural markets have become thinner using a particular notion of market thinness used primarily to describe internationally traded agricultural products. This report is intended as a companion to an earlier OECD paper (OECD Food, Agricultural and Fisheries Working Paper N°52) that examined whether agricultural prices have become more volatile. That study examined price volatility using monthly and annual prices. It failed to find evidence of any general increase in price volatility for the range of commodities examined. But, when focusing on 2006-10 period, the report finds that price variability during that time was higher than in the 1990s, but in general, not higher than that of the 1970s except for wheat and rice. The present study examines whether, over the same time period, international markets of agricultural products have become thinner. The results suggest that for most of the commodities examined, the answer is no; markets have not become thinner.
Trade helps smooth production and consumption across space by moving goods from surplus to deficit regions thus mitigating price movements. It is often postulated that agricultural markets are "thin" and this causes price swings that are larger than would be expected in more liquid or deeper markets. A thin market is a market with few buying and selling offers and is characterised by low trading volume, high volatility, and high bid-ask spreads. Thin markets are problematic because they can result in some agents obtaining market power and price concessions. In addition to market power, other factors that can result in thin or illiquid markets are; asymmetric information, high transaction costs and spatial considerations, among others. Although the concept is general, it has mostly been used in the context of financial markets.
Agricultural economists that have delved into thin markets for agricultural commodities have been mostly concerned with price discovery and the effects of thin markets on price efficiency. Although not explicitly stated, the concept of thin markets for internationally traded agricultural commodities is related to the volume transacted. Explicitly or implicitly, the volume traded (usually global exports) as a share of world production is the metric used. Thus, for example, the international rice market is the classic example because only 5% to 7% of global production is exported even though the rice market consists of many different traders undertaking many transactions. Other agricultural commodities are also considered thin because the ratio of exports to global production is deemed low.
When it comes to markets of internationally traded commodities, the concept of market thinness has not been examined in any detail. Usually it is generally asserted that markets of internationally traded agricultural commodities are thin and more volatile. This general sentiment is stated without supporting evidence-in most cases. Whether or not the observed volume traded as a share of world production reflects market fundamentals or other reasons is hardly examined nor other aspects of market thinness STRUCTURAL CHANGE IN COMMODITY MARKETS: HAVE AGRICULTURAL MARKETS BECOME THINNER?-5 OECD FOOD, AGRICULTURE AND FISHERIES WORKING PAPER N°54 © OECD 2012 such as market power, price efficiency or transaction costs. Clearly, the concept of market thinness is subjective. For internationally traded agricultural products, it is not clear what constitutes "thin" markets and how this "thinness" contributes to price volatility. Nonetheless, in the current atmosphere of high food and agricultural prices, the sentiment that international prices are more volatile because agricultural markets are thin, is widely shared. Hence, this study examines whether selected agricultural markets have become thinner.
Because of relatively inelastic supply and demand of agricultural goods, small changes in demand or supply, if not smoothed through additional trade can result in large price swings. However, it is not clear that trade has to attain a certain percent of production or that the number of participants must not be less than X or that concentration must not exceed Y to lead to lower price volatility. Most of the consumption in some agricultural markets, for example rice, occurs in countries that are also major producers. In such cases, trade to balance international demand and supply can be a small share of world production. For other products it can be the case that a large share of consumption occurs in countries with relatively little production and in such cases, trade to balance international markets can be a sizeable share of world production. In both cases however, because of relatively inelastic demand and supply, trade disruptions following unexpected events can lead to sizeable price swings and volatile prices irrespective of the absolute volume that is normally traded.
For this study, in addition to exports as a share of production as an indication of market thinness, two other measures are used for a robustness check, to round out the analysis and provide a multidimensional picture. These are; the number of participants (countries) trading in any market and the level of market concentration as revealed by the Herfindahl Index. Although the later two indicators would be more illuminating based on data of individual transactions, such data are lacking. Nonetheless, observations at the country level provide useful information that should not be ignored. In addition to soybeans, the commodities examined are the same as in the recent OECD study on price volatility -wheat, maize, rice, sugar, beef, butter, whole milk powder and soybean oil. These products (other than soybeans) and time period were chosen to enable the interested reader to compare the evolution of price volatility with the evolution of market thinness.
To better understand exports as a share of production, the report first looks at worldwide evolution of production and consumption for the selected commodities. During the period 1970 to 1994, the rate of growth of production of the selected commodities varied ranging from 1.1% per year (butter) to 5.1% per year (soybean oil). But, in the later period from 1995, the rate of growth of production declined relative to the total period for all commodities examined except butter and maize. As expected, the rates of growth in production and consumption were quite similar for the commodities examined.
Global production variability was also computed. For the commodities covered, production variability was relatively low with beef production exhibiting the lowest and soybeans the highest. Surprisingly, production variability does not seem to depend on whether the commodity is a field crop closely dependent on weather conditions or its production is further from the farm gate. Production variability fell over time with the period since 1995 exhibiting lower variability compared with the1970-94 period for these commodities except sugar and butter.
Globalisation and policy reform, including less distorting domestic policies, and more liberal trading regimes through lower tariffs and subsidised exports opened international markets and trade expanded deepening international markets. Exports (in physical units) grew over this time period with soybean oil leading the way with an average growth rate of 6% a year. Butter exports were the least dynamic with an average growth rate of 0.4% a year. Rice exports, a market often cited as "thin", exhibited an average growth rate of 3.7% a year, a growth rate higher than wheat, maize or sugar. But, exports as a share of production for all products other than butter and maize were either constant or increased slightly. Comparing the ratio among the selected commodities, rice had the lowest share of production exported while whole milk powder had the highest. For the selected commodities, the ratio of exports to production does not seem out of line when compared to the share of exports for all manufactured goods, for high tech products or for all raw agricultural products. In all cases examined, most of the production is consumed locally while the share traded varies depending on the product.
For each country, the share of production to consumption for each of the selected products was calculated generating an index of a country's demand deficit (volume needed to satisfy domestic demand) or supply surplus (volume in excess of domestic demand). The results indicate that the various products differ in the share of world production that crosses borders to equilibrate demand with supply. By this metric, the rice market stands out among the selected crops as the market in which most of the production is consumed locally, requiring relatively small volumes of trade to satisfy demand in deficit countries. This finding provides one possible rational for the relatively small share of rice production that is traded even as that share has expanded somewhat in recent years.
However, this finding does not imply that trade is unimportant in rice or in any other market. Even though trade may represent a relatively small share of world supply, it still fulfils the function of balancing international markets. Unforeseen disruptions to those trade flows irrespective of the volume, combined with relatively inelastic demand and supply for a staple good can lead to large price swings.
The study results indicate that since 1970, the selected agricultural markets (other than butter and maize) have not become thinner, at least as measured by any of the measures used in this analysis. Exports as a share of production for most of the commodities covered has increased or remained fairly stable. Moreover, the number of market participants (for the selected commodities) has increased over time while the level of market concentration (market share among participants) has declined.
Trade helps moderate price swings by balancing global demand and supply. Given relatively inelastic demand and supply small changes in trade can lead to significant price changes regardless of the underlying share of production that is traded. It may not be very meaningful therefore to compare the share of production exported between various products as that share may reflect market, biological or climatic fundamentals What may be crucial to alleviating large price swings is enabling trade to flow unburdened by domestic and border policies allowing each market to adjust within the boundaries of those fundamentals. Government policies blocking or restricting the free flow of goods to international markets, increase uncertainty, add to the vulnerability of the supply chain especially when stockholding is low, shake confidence that produce will be supplied when needed and contribute to higher and more volatile world prices (if the country is a major trader). Such actions contribute to making markets thinner, at least temporarily, relative to the underlying fundamentals. Although outright bans are relatively infrequent
Introduction
Most agricultural markets by their nature are volatile since the amount produced in any year is somewhat random from unexpected climatic events. The price oscillation of several important food commodities during the recent three to four year period, characterised by fast rising prices peaking at very high levels, followed by equally rapid price declines and subsequent increases, have caused heightened concern among the populace and policy makers that the world may be entering a period of sustainably higher average food prices which has negative implications for hunger and food security as the poor cannot easily adapt to the higher prices. Many are asking whether recent developments are an aberration or is the world entering a new, less stable price regime?
Several reports have been prepared in the recent past attempting to analyse whether agricultural prices are more volatile now. The findings have predominately supported the notion that most agricultural prices are not more volatile now, although a few have concluded the opposite. Differences in the findings are mostly due to differences in the time period examined (how far into the past), the periodicity of the prices (weekly, monthly or annually), the measure of volatility used and the commodities examined. For example, the FAO (2010) using data from the mid-1980s concludes that price volatility has increased. In contrast a recent OECD (2011) study using data from January 1957 to February 2010 failed to find evidence of any general increase in price volatility for the range of commodities examined. But, focusing on 2006-10 period, the report finds that price variability during that time was higher than in the 1990s, but in general, not higher than that of the 1970s except for wheat and rice. Findings from studies examining rather longer time periods mostly conclude that price volatility has not increased. In a paper by Jacks, O'Rourke and Williamson (2011) using monthly agricultural prices since 1700, the authors conclude that there is no evidence that agricultural prices today are more volatile than in the past, a conclusion also reached by Balcombe (2009) using data starting in the 1960s. Similarly, Diaz-Bonilla and Ron (2010) conclude that although recent price volatility is higher than the 1990s, it has not reached the magnitude of the food price crisis in the seventies, a conclusion also reached by Sumner (2009) using wheat and maize price data from 1866 to 2008 who found that the three year period 2006 to 2008 was among a handful of periods when prices were above the post-war trend with the previous one being in the 1970s. Gilbert and Morgan (2010) that find although current volatility is not higher by historical standards it is higher than the 1980s or 1990s for some commodities. As concluded in OECD (2011, page 9), a short literature review reveals a lack of complete consensus on the conclusions about the evolution of agricultural commodity price volatility.
In addition, several authors have attempted to identify causes for the recent run-up in prices and to discern whether or not these represent structural changes that would lead to higher volatility in the future. Among the variables that have been identified are: 1) weather related shocks (the fear here is that climate change may cause more frequent and extreme weather shocks in the future, 2) higher input costs due to energy price shocks (is the era of cheap fossil fuels over?), 3) lower stocks,4) the high and persistent income growth in high population countries such as China and India and the associated increased demand for commodities, and for grains not only direct affect of human consumption but indirectly though higher consumption of livestock products 1 , 5) biofuel demand and the direct substitution of food products for energy production and indirect substitution of land area for crops to produce energy, 6) scarcity of key inputs such as land and water, 7) exchange rate movements, 8) border policies in exporting and importing countries, and 9) speculation and the financialisation of agricultural markets, among others. The nonexhaustive list of papers includes the sources cited above plus Wright (2008) , Roache (2010) , Imai, Gaiha, and Thapa (2008) . OECD-FAO (2011) Tangermann (2011 ), Trostle (2008 Trostle et al (2011 ), Abbott, Hurt and Tyner (2011 ), Asian Development Bank (2011 . Most of these sources cite many of the key drivers listed above, but the relative importance to the price spikes attributed to the various drivers varies by author.
Trade or more specifically lack of it has also been mentioned as a contributor to higher and more volatile international prices. The world has become more interconnected and trade helps smooth production and consumption across space by moving goods from surplus to deficit regions thus mitigating price movements, hence when it's disrupted by policy or other man-made or natural events, prices can spike and become more volatile (Abbott, Hurt and Tyner (2011) , Jacks, O'Rourke and Williamson (2011), Anderson and Nelgen (2010) , Heady (2011 ), Martin and Anderson ((2011 ), OECD-FAO (2011 ), Tangermann (2011 . Hence, in cases where the origin of the instability is from exogenous shocks such as changes in demand or supply, more trade implies less instability (Gouel 2010) . Because of relatively inelastic supply and demand of agricultural goods, small changes in demand or supply, if not smoothed through additional trade could result in large price swings. But, there may be cases where markets are not perfect. In second best situations when the source of the instability is endogenous due to risk aversion under incomplete markets or backward-looking expectations for example, liberalising trade does not improve welfare (Gouel 2010) . However, "the evidence regarding the link between trade and volatility tends to confirm the hypothesis of a dynamics driven by external shocks that would be smoothed by the presence of a larger market" (Gouel 2010, p. 17) .
It is often postulated that agricultural markets are "thin" and this causes price swings that are larger than would be expected in more liquid or deeper markets 2 Abbott, Hurt and Tyner (2011), OECD-FAO (2011), Tangermann (2011) , Anderson and Nelgen (2010) , Childs and Baldwin (2010) , Diaz-Bonilla and Ron (2010) FAO et al (2011) . According to Rostek and Weretka (2008) in the New Palgrave Dictionary of Economics, a thin market is a market with few buying and selling offers and is characterised by low trading 1.
There seems to be less unanimity in the literature that this factor was a significant driver to the price spikes. For example, OECD-FAO (2011) heavily discounts increased demand in China and India as a significant factor in rising prices, while Abbott, Hurt and Tyner (2011) have a more nuanced explanation of China's role.
2.
To reduce the frequency of using the term less thin to indicate the opposite of thin markets, the terms deep, liquid, or fat are used interchangeably.
volume, high volatility, and high bid-ask spreads. Thin markets are problematic because thin markets can result in some agents obtaining market power and price concessions. In addition to market power, other factors that can result in thin or illiquid markets are; asymmetric information, high transaction costs and spatial considerations, among others. They further state that the concept of thin markets is general, but has mostly been used in the context of financial markets and the market power exercised by institutional investors.
Agricultural economists that have delved into thin markets for agricultural commodities have been mostly concerned with price discovery and the effects on thin markets on price efficiency. Using trading volumes or number of transactions as a criterion for market thinness (without explicitly specifying the cut-off point distinguishing thin from liquid markets), Mattos and Garcia (2004) find that futures prices play a major role on the price process in the cash market, but in thinly traded markets the results were mixed with the price discovery function performing well in some but not in others. A similar result is reported in Anderson et al (2007) . Nelson and Turner (1995) report that in the context of a market that has evolved from having many buyers and sellers to having only a few buyers, the pricing behaviour in thin markets is not necessarily inferior to that in a larger market. Evolving market structure of several agricultural commodities have led Anderson et al (2007) to conclude that the traditional conception of thin markets, relating primarily to the number of transactions in a given period of time no longer adequately frames the thin market issue. Market structure is also important in framing the results in Thompson and Sonka (1997) . They define a thin market as a market whose structure prevents or inhibits prices across space, time and form from attaining the relationship characteristic of a perfect market. The high transaction costs associated with thin markets makes conventional arbitrage risky or costly resulting in prices that are not efficient.
This brief review illustrates that characterisation of thin markets is evolving, seems to be subjective, and any deleterious effects may or may not be present. When it comes to markets of internationally traded commodities, the concept of market thinness has not been examined in any detail. Usually, as in the sources cited previously, it is generally asserted that markets of internationally traded agricultural commodities are thin and more volatile. This general sentiment is stated without supporting evidence-in most cases because determining whether the market is thin or not and whether the price is efficient or not-is not the primary purpose of these reports. Nonetheless, in the current atmosphere of high food and agricultural prices, the sentiment that international prices are more volatility because agricultural markets are thin, is widely shared. Hence, in this study, we examine whether selected agricultural markets have become thinner.
Although not explicitly stated, the concept of thin markets for internationally traded agricultural commodities is related to the volume transacted. Explicitly or implicitly, the volume traded (usually global exports) as a share of world production is the metric used. Thus, for example, the international rice market is the classic example because only 5% to 7% of global production is exported (see for example Childs and Baldwin (2010) and Rapsomanakis (2011) among others) even though as reported in Timmer (2009) the rice market consists of many different agents. Other agricultural commodities are also considered thin because the ratio of exports to global production is deemed low. Whether or not the observed volume traded as a share of world production reflects market fundamentals or other reasons is hardly examined nor other aspects of market thinness such as market power or transaction costs. The idea that trade helps smooth out supply and demand through space thus mitigating price swings is not contestable (see for example Anderson and Nelgen (2010 ), Jacks, O'Rourke and Williamson (2011 ), Martin and Anderson (2010 . However, it is not clear that trade has to attain a certain percent of production or that the number of participants must not be less than X or that concentration must not exceed Y to lead to lower price volatility. As a matter of fact, Rapsomanakis (2011) reports that the rice market, even though thin, was characterised by low price volatility until 2007. Clearly, the concept of market thinness is subjective. In general literature analysing the relationship between market thinness and price volatility in international agricultural markets is lacking. It is not clear what constitutes "thin" markets and how this "thinness" contributes to price volatility.
The purpose of this study is to provide factual information on production, consumption and trade of several agricultural commodities in order to examine whether the agricultural markets have become thinner using the definition of market thinness as the ratio of exports to world production. Are agricultural markets thinner now compared to earlier periods when the world was less concerned with price volatility? During the last 40 odd years, has the ratio of world exports to global production for each of the selected commodities decreased signalling "thinner" markets, or not? For robustness, two other aspects of market thinness, the number of participating agents or transactions and market power are also examined. Ideally, the number of market participants and market concentration would be based on observations of actual transactions by the countless market participants. But, in international trade, it is not possible to have information on the myriad of transactions occurring each year in the various markets. Lacking this, the latter two are calculated from observations at the country level. Although information on the number of countries participating in international trade is less informative than firm level trade data, country level observations nonetheless provide useful information. The fact that additional countries participate in international agricultural markets increases liquidity. It can be assumed that the higher the share of production exported, or the more numerous the participants, or the lower the trade concentration index, the deeper are the markets and prices are more representative and possibly less volatile. It is beyond the scope of the present study to examine the recent price swings or the causes of price volatility. The study is a companion to the price volatility paper (OECD, 2011) , and in addition to soybeans, it uses the same set of agricultural products identified in that study (wheat, maize (corn), rice, sugar, beef, butter, whole milk powder, and soybean oil). Market thinness is calculated in different ways and its evolution over time is examined. This enables the interested reader to compare the evolution of price volatility and market thinness for the selected set of products.
The paper next describes the data, followed by an examination of the evolution of production and consumption of the selected commodities along with their volatility. The volatility or variability of a variable is measured by the coefficient of variation (the standard deviation divided by the mean), and as in the price volatility paper (OECD 2011) it is based on a moving five year average (interested readers can refer to OECD (2011) for the rational. Measures of market thinness are then presented. The last section concludes.
Data
Production, consumption and export data are from USDA, Production, Supply and Utilisation Database except for whole milk powder which comes from the AGLINK-COSIMO database. Bilateral trade data are from UNCOMTRADE accessed through the World Bank's World Integrated Trade Solution (WITS) and are based on SITC Rev 1 to maximise the available number of years. Data on total manufactured exports, exports of STRUCTURAL CHANGE IN COMMODITY MARKETS: HAVE AGRICULTURAL MARKETS BECOME THINNER?-11 OECD FOOD, AGRICULTURE AND FISHERIES WORKING PAPER N°54 © OECD 2012 high technology products, GDP, and agricultural value added are from the World Bank's World Development Indicators database.
Evolution of production and consumption and their variability
Obviously the amount produced and consumed each year helps determine the price level and changes in production and consumption from one year to the next contributes to price volatility over time. Among the factors listed above suspected of contributing to the recent price spikes and volatility, is the high and persistent demand growth in developing countries not accompanied by equivalent increases in production. Trade helps smooth out price fluctuations in any year by shifting goods from surplus areas to deficit areas with trade volumes partly determined by production and demand. To put trade data and one of the thinness measure presented below in perspective, the evolution of worldwide production and consumption is briefly examined. This is followed by an examination of the number of countries that are structural importers and structural exporters along with overall deficits or surpluses. If most of the demand is met through local consumption, then trade may not consist of a large share of global production. Trade as a share of global production may be small because demand on the world market may be small with trade serving as a residual market. Do deficits and surpluses differ among the selected commodities and is this related to the share of global production that is traded?
On the world level, has consumption and production followed a smooth growth or has there been a lot of variability? Figure 1 shows the evolution of production and consumption of the selected products starting in 1965 (1979 for whole milk powder). For all except butter 3 , the figure illustrates a relatively smooth upward trend even though over the more than 40 years there have been many shocks to the system including severe weather, strong economic growth mixed with occasional recessions, financial crisis, and volatile exchange rates among others. This relatively smooth progression at the global level illustrates that local production or consumption shortfalls that occurred throughout the period were adequately compensated for by surpluses in other regions 4 . Wheat production (consumption) over the period expanded at an average annual rate of 1.8% (1.9%), maize production (consumption) expanded at an average annual rate of 2.6% (2.6%), while rice and sugar production (consumption) each increased at an average rate of 2.1% (2.1%) per year. Soybean production on the other hand grew at a more robust 4.7% annual rate. For the selected crops, it seems that on average, production and consumption grew at roughly equal rates. But, as illustrated in the figure, this does not mean that there were not years during which there were surpluses and years in which there were shortages leading to price swings.
For the selected products with more value added, and that are relatively less reliant on climatic conditions, and are further removed from the farm gate, average production and consumption also grew. Production (consumption) of soybean oil increased at the fastest rate among all of the selected commodities averaging an annual growth rate of 5.1% (5%) per year, followed by whole milk powder with an average growth rate for both production and consumption of about 3.1% per year (over a shorter time horizon). Beef production and consumption grew an average of 1.4% a year, while butter exhibited the lowest growth rate with production and consumption increasing about 1.1% per year.
Focusing on the last 16 years, the time since 1995, how have the relative growth rates changed? For all products other than maize and butter, production grew at a slower pace relative to the entire period but so did consumption. Again, this does not imply that there were not years with shortages or surpluses, but in general, the markets adjusted more or less equilibrating the growth rates over time. Of course one cannot consume what is not produced and released from storage therefore consumption in physical units cannot diverge from production for very long. To the extent that there is strong demand, prices must rise to equilibrate.
Although the general pattern indicated in Figure 1 appears relatively smooth, how variable was production and consumption over this time period and did it change over time? For most commodities, production variability as measured by its coefficient of variation 5 (CV) seems relatively low. Over the entire period, beef production is the least volatile which is perhaps not too surprising given that it is less dependent on climatic conditions (Figure 2 ). Among the selected crops, soybean production followed by maize production was the most variable and rice the least. Among the more processed products, the production of soybean oil was the most volatile in the early years, while butter exhibited the largest volatility in the late 1990s and the early part of this century 6 (Figure 2 ). In general, comparing the selected agricultural products over the 40 some years of data indicate that production variability can be high for products not directly depended on climatic conditions and it can be small even for products subject to the vagaries of the weather. This suggests that the type of product -whether more or less reliant on climatic conditions or whether it is close to or further from the farm gate -is not crucial to the volatility of its global production over time.
Average variability based on the five year rolling CV method for the entire period and each decade is reported in Table 1 . This shows that over the entire period, soybean production on average, was the most volatile followed by soybean oil, maize and butter. As indicated, beef production was the least volatile averaging 3% for the entire period, while rice production was the second least volatile at almost 4%.
Comparing production variability exhibited in the 1970s relative to the 2000s, it declined for all commodities except sugar and butter. For five commodities; wheat, rice, beef, whole milk powder and soybean oil, production volatility was at its highest in the 1970s, while for maize and soybeans this occurred in the 1980s, while only for two commodities, sugar and butter was observed production variability the highest in the 2000s.
5.
CV in any year is the ratio of the standard deviation to the mean with the standard deviation and the mean calculated on a five-year moving basis by dropping the earliest year when a new year is added.
6. The butter volatility may be more a reflection of data problem alluded above rather than real volatility.
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The sample was also segregated into two sub-periods comprising of the years prior to the beginning of the implementation of the Uruguay Round Agreement on Agriculture (URAA) that is, prior to 1994; while the second period comprises the period since to 2010.
7 The URAA was a landmark agreement bringing agriculture into the rules of the world trading system, lowering domestic support, reducing export subsidies and lowering tariffs. How does production variability compare between the two periods? As indicated in Table 1 , production variability was lower in the period since the start of the implementation period for seven of the nine commodities -each of the grains; (wheat, rice, and maize), soybeans, beef, whole milk powder and soybean oil. For sugar and butter however, the results were reversed with increased volatility in the period since the start of the implementation.
7.
This is not intended to infer causation between the implementation of the URAA and subsequent developments in production or consumption volatility. Many other events occurred during this time that influence markets. This demarcation is just a handy convenience to indicate the more recent period. Although the demarcation is somewhat arbitrary, is the difference in average production variability between the two periods statistically significant? The null hypothesis is that average production variability for each of the selected products in the The results 8 indicate that the null hypothesis that the average production variability is the same in both periods can be rejected at the 5% level for wheat, maize, rice, beef, whole milk powder and butter. For these products, other than butter, mean variability is statistically lower post 1994, while for butter it is the opposite. For soybeans, soybean oil and sugar, average production variability between the two periods was not statistically different indicating that one cannot reject the null hypothesis that average production variability in the two periods is the same.
A quick overview of consumption variability for the same set of commodities over the same time period is shown in Figure 3 . For most commodities, the variability in world consumption is lower than the variability in production suggesting that on the demand side, short term production shortfalls maybe smoothed by adjustments in stocks or through trade. Overall, beef consumption is the least volatile while soybean seeds and soybean oil are the most volatile (Table 1) .
As was the case for production, consumption was more volatile in the 1970s than in the 2000s for all but butter. It is also the case that consumption volatility has declined since the start of the URAA implementation for all commodities except butter.
The coefficient of variation measured illustrated in Figures 2 and 3 above is a useful indicator of a variable's variability relative to its medium term mean and variance. Additional information can be gleaned by looking at the annual changes in production (production in period t minus production in period t-1). How has this behaved over the time period examined? Figure 4 below is a graphic illustration of the annual variation in the production for the selected products. This shows more clearly the annual change in production resulting from the usual economic factors (planting and harvesting decisions) along with unforeseen climatic events. By this metric, soybean production is the most variable, and its variability is especially high in the mid-1970s to the early 1980s. The annual variation in soybean production for the entire period averaged 10%. Among crops, rice production was the least variable with a 3% average annual change in production. Among all the selected products, beef production was the least variable with annual average production change of some 2%.
8.
For all products other than whole milk powder, the degree of freedom is 39 and the critical value for Student t statistic for a 95% confidence level is 2.023. For whole milk powder the degrees of freedom and critical t value is 34 and 2.042 respectively. Not surprisingly, given that overall production of each product increased over the time frame, in most years and for all of the selected products, the variation in production is positive meaning that production in year t was greater than production in year t-1. Wheat seems to be the crop with the highest frequency of negative production events. In 22 of the 45 years examined, wheat production in year t was lower than production in year t-1. Maize is the crop with the second highest number of negative production events as its production was below the previous year's level in 15 of the 45 years, while this happened only 9 times in rice. Interestingly, most of the negative growth in the selected commodities occurred prior to 1995. In the 2005-10 period the most recent era of price peaks in some commodities, production shortfalls occurred in four of the six years in wheat, two of the six years in soybeans and only once in each of the other selected products.
Evolution of exports and their variability
How has trade evolved over the time period for the selected commodities and how volatile has it been? To answer this question, exports from USDAs PS&D database are used. They are measured, as was production and consumption, in physical units to avoid the volatility introduced through evolving price changes. Information on the number of countries participating in international trade and calculations of the trade concentration index comes from UNCOMTRADEs bilateral trade data. The two data sources serve different purposes and are not strictly comparable.
The evolution of exports of the selected commodities is shown in Figure 5 with the top panel representing the crop products and the bottom panel showing exports of beef, dairy products and soybean oil. All products, except butter, show a rising trend with some variability probably reflecting changing economic and policy environment over the time frame. Export growth, was the fastest for soybean oil with an average annual growth of more than 6% a year (calculated by least squares) while butter exports hardly grew, averaging about 0.4% per year. One of the markets often cited as "thin", rice, trailed only soybeans (average export growth rate of 5%) among the crop products with an average export growth rate of almost 3.7% a year even with the disruption in the world rice market in 2008 when export restrictions and other policies contributed to a drop in exports of more than 2 mt (7%) relative to 2007. Exports of the other crops included in the analysis on average grew around 2% a year.
How volatile are the exports of these products? One may suspect trade of a particular product to be more volatile than either production or consumption of that product since trade responds to the volatility of production and consumption along with changes in border and other policies. A cursory glance at Figure 6 , compared to Figure 2 or Figure 3 indicates that exports are more volatile than either production or consumption. The top part of the figure shows the volatility of the selected crops and the bottom part the other commodities 9 . As was the case for production and consumption, realised variability exhibits mostly a declining trend and, although there has been an uptick in volatility for most commodities in recent years, peak volatility was in the earlier period. In only one case, butter did the recent upticks in volatility surpass the previous volatility peak resulting in higher volatility in the 2000s compared with the 1970s.
9.
As previously, volatility or variability is based on the five-year rolling CV method.
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OECD FOOD, AGRICULTURE AND FISHERIES WORKING PAPER N°54 © OECD 2012 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 Among the crops, sugar exports are the least volatile and soybean exports the most. Among the various decades covered the volatility of rice sugar and butter exports were the highest in the 1990s wheat exports were more volatile in the 1980s, while maize, soybeans, beef and soybean oil were more volatile in the 1970s. In none of the cases examined was export variability greater in the 2000 to 2010 period.
How "thin" are the selected markets?
It is often stated that international agricultural markets are more volatile because they are thin -a relatively small share of world production is traded or a small number of buyers and sellers trade a small proportion of production or consumption. But as already stated, information on the number of firms engaged in buying and selling on the international agricultural markets is lacking. However, as illustrated above, production, consumption and exports of the selected products expanded during the period examined. Thus one can calculate the proportion of production traded from available data such as PS&D enabling to answer questions such as have exports kept pace with production? Have agricultural markets become thinner (have total exports as a share of global production become smaller) and is there a difference in the thinness among the selected products? How does the "thinness" of agricultural markets compare to the thinness of other markets?
Exports as a rising share or production implies that international markets are becoming more liquid and that trade is increasing its importance in meeting the world's consumption needs. Such increased liquidity implies that international markets can more easily absorb production or consumption shocks reducing the amplitude of price fluctuations. A declining share on the other hand, (given that both production and trade have increased over time) implies that countries are providing more of their domestic needs locally, or are increasing their self-sufficiency. Whether increasing self-sufficiency is rational for an individual country's food security objectives depends on whether countries are exploiting their comparative advantage in an open, distortion-free policy environment. Previous work OECD (2010) suggests that many lower middle and low income countries have increased their comparative advantage in agriculture. This implies an expanding export supply from these countries which can either increase world exportable surplus or reduce world demand deficit depending on local demand conditions. Of course, one may argue that increased specialisation in agricultural goods may expose individual countries to increase price volatility from external shocks. This assumes that price volatility is the same for each individual commodity and over time, an assumption that does not hold (OECD, 2011) . That freer trade leads to lower price variability was reported in a landmark study by Tyers and Anderson (1992) who found that price variability of international prices in the 1980s was three times greater than it would have been under free trade in those products, while Abbott Hurt and Tyner (2011), and Martin and Anderson (2010) , among others, state that international trade unconstrained by government policies, can mitigate price volatility.
The top panel of Figure 7 shows exports as a share of production for the five crops while the bottom shows the same ratio for the other products (the reader is reminded that these are based on physical units thus abstracting from changing prices and their influence on the ratios). For most of the selected products, the share over the 40 plus years is rather constant. Among the crops, soybeans and sugar are the deepest (most "liquid") or least "thin" products with exports representing between 30% to 35% of production between 2000 and 2010 while rice is the "thinnest" with exports representing around 5% of production, although in the more recent years, the share has increased slightly to around 7%. The two other crops in the dataset that are generally considered among the most traded commodities, wheat and maize, are "fatter" than rice but "thinner" than soybeans and sugar with wheat exports representing a little less than 20% of world production and maize about 12% of world production since the mid-1990s. Interestingly, maize exports as a share of world production peaked in 1980 at about 20% and has since reached a lower plateau that is comparable to the level in the mid 1960s. Whole milk powder seems to be the "fattest" market with more than 40% of world production exported in recent years. Exports as a share of soybean oil production have exhibited a persistent increasing trend, rising to about 30% until the recent downturn in 2008. Butter exports as a share of production have exhibited the largest decline falling from a peak of more than 30% in 1988 to around 10% in the more recent years, with the steepest decline occurring between 1988 and 1990.
Various snapshots of exports as a share of production are shown in Table 2 which numerically summarises the visual picture presented in Figure 7 . As suggested in Figure 7 and demonstrated in Table 2 , the variation of exports as a share of production is rather low in most markets as suggested by the standard deviation. In most markets and in most cases the export share of production has not changed dramatically between decades. Table 2 summarises the degree that the rice market has become more liquid over time, 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 Beef Butter Whole milk powder Soy oil
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The summary statistics reported in Table 2 indicate how exports as a share of production, or market thinness, has varied over the specified time periods. One can test whether the calculated values differ between any two time periods using a t test. For this, to save space and minimise repetition, we focus on the period from 1970 to 1994 and the period since 1995, the time when agriculture became more integrated in the rules governing world trade. The null hypothesis is that the average ratio of exports to world production from 1970 to 1994 is the same as the ratio from 1995 to 2010, i.e. market thinness has not changed. The degrees of freedom and critical Student t are the same as reported in footnote 8. The results suggest that markets have not become thinner for all except maize and butter. For wheat, soybeans and beef, one cannot reject the null hypothesis of equal ratios in the two periods. This means that market thinness of these three markets has not changed -they have not become thinner, but neither did they become more liquid. Two markets, maize and butter have become thinner with average exports as a share of production statistically lower in the second period compared to the first. The other markets, rice, sugar, whole milk powder and soybean oil became more liquid with the average ratio of exports to global production statistically significant higher in the second period compared to the first.
10
Are there structural underlying causes for the differences in the share of production that is exported for a given commodity over time and among the selected commodities? Although examination of structural reasons for why exports represent a varying share of production among the various commodities is beyond the scope of this paper, the USDAs PS&D data are used to generate indicators enabling comparisons among the selected commodities. The USDAs PS&D data, in addition to providing data on world totals used above, also provide supply and utilisation data for individual countries over the same time span. Using these data, countries were classified into four broad categories based on their apparent trade status. For each country, the ratio of its production (five year total) to its consumption (five year total) was calculated. Countries with a ratio exceeding 1.25 are classified as surplus exporters since their production is more than sufficient to satisfy local needs and have exportable surplus. Countries with a ratio greater than .75 but less than or equal to 1.25 are classified as self sufficient. These countries at time may enter international markets as suppliers in cases when domestic production exceeds local needs or as buyers in cases when local production is short of domestic needs, or they may not enter international markets at all. The third group of countries are classified as producing importers. These countries have a production to consumption ratio greater than .25 but less than or equal to .75. They are in international markets each year because they do not produce enough to satisfy local needs, but they may have a sizeable local production. The final group of countries named deficit importers have limited if any local production and are persistently in international markets for their consumption needs (production to consumption ratio of .25 or less). Calculated t statistics are as follows: wheat (0.71), rice (-12.73), maize (3.91), soybeans (-0.74), sugar (-3.93), beef (-1.73), butter (5.29), whole milk powder (-6.47) and soybean oil (-5.67) . These values should be compared to the critical Student t values reported in footnote 9.
11. The cut off point for classifying countries is somewhat arbitrary. The values were chosen to provide large enough bands to reduce the number of countries shifting among the groups from year to year.
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OECD FOOD, AGRICULTURE AND FISHERIES WORKING PAPER N°54 © OECD 2012 In order to reduce clutter, the time period is broken into five-year intervals and the number of countries and the average annual deficit or surplus for countries within a category is calculated for each of the five years as an indication of potential trade. Table 3 reports the results for selected commodities. Comparing the field crops, one notices a striking difference in the number of countries in the various categories. For example, commodities with relatively small share of production that is traded (rice, and maize) have a relatively large number of countries that are in the self sufficient category, while products with relatively large share of production traded (wheat, and soybeans), have a relatively large number of countries that must import to satisfy domestic consumption on a consistent basis (countries in the deficit and producing importers categories). And, as indicated in the table, the average annual volume that must be displaced to balance world production and consumption differs materially among these crops. For example, rice production between 1970 and 1974 averaged around 218 mt, but as indicated in Table 3 , about 3 mt on average were sufficient to balance the consumption requirements of deficit countries. Wheat production on the other hand averaged almost 342 mt per year during the same period while deficit countries had an average production shortfall of about 42 mt. The soybean market where an even larger proportion of production is exported is also characterised by countries where most of the consumption is produced by other countries as illustrated in Table 3 . Soybean production averaged almost 46 mt per year from 1970 to 1974 while as indicated in Table 3 , production shortfalls in consuming countries averaged almost 14 mt per year resulting in a relatively large share of world production that must be displaced through trade to balance demand and supply.
The results for the selected processed products also provide a similar picture. For products with a relatively high export to production ratio (sugar, soybean oil) there are more countries with production shortfalls and those shortfalls are a sizeable share of world production leading to larger share of production that is traded. For example, in the sugar market between 1970 and 1974, 78% of the countries producing and consuming sugar had production shortfall that averaged almost 17 mt a year out of total world production that averaged some 76 mt while 59% of the countries producing and consuming soybean oil had production shortfall averaging about 1 mt while supply averaged some 7 mt. In contrast, the beef market where relatively smaller share of production was traded, average production shortfall was about 1.7 mt while production averaged some 39 mt tons a year.
As illustrated previously, for the selected products, during the period examined, production consumption and trade increased while exports as a share of production followed a less predictable pattern. The results in Table 3 illustrate that the underlining structure of the markets did not change substantially. Countries in the markets with a relatively large share of production that is exported (wheat, soybeans, sugar, soybean oil ( Figure 7 ) persistently have production shortfalls and the shortfalls are sizeable relative to world production. Countries in the markets with relatively low exports as a share of production on the other hand (rice maize beef and butter), have relatively smaller share of countries that are persistent importers and their production shortfall is small relative to world production. The results suggest that the various markets differ on the volume of trade needed to balance world demand and supply. It also suggests that most of these markets have not become thinner. As indicated above, volumes of production consumption and trade have increased during the more than 40 years examined and as illustrated in Table 3 the volume of production shortfalls has also increased confirming rising trade. reference to other markets may provide guidance. How do exports of the selected agricultural products compare to trade of non-agricultural or other agricultural products? Unfortunately, production of non-agricultural products in volume terms is not readily available. To get a sense of the share of non-agricultural goods exported, GDP, and agricultural value added (AVA), data for individual countries (as a proxy for production) along with information on value of exports of all manufactured goods, high technology goods, agricultural raw material 12 and food 13 , from the World Bank is used. The data are aggregated for all countries in the database to calculate the value of exports of each category as a share of world GDP except for agricultural raw material which is relative to world AVA. The data are for a shorter period of time (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) but include the large increase in world trade resulting from globalisation and the policy reform from the URAA. The results are shown in Figure 8 . International trade expanded substantially since the mid 1990s reflecting, globalisation, technological improvements in communication and transportation, the integration of new participants in world markets from the demise of the iron curtain, the increasing use of supply chains or the segmentation of production into components that are shipped around the world prior to final assembly, and the reform of agricultural markets as a result of the URAA and the proliferation of regional trade agreements. The result as shown in Figure 8 is an increase in manufactured exports as a share of world GDP rising from a little more than13% to 18% of world GDP. Although not strictly comparable with the results for the individual products since the data represent products that are grouped and aggregated and include both changing volumes and changing prices,
12.
Agricultural raw materials comprise SITC section 2 (crude materials except fuels) excluding divisions 22, 27 (crude fertilisers and minerals excluding coal, petroleum, and precious stones), and 28 (metalliferous ores and scrap).
13.
Food comprises the commodities in SITC sections 0 (food and live animals), 1 (beverages and tobacco), and 4 (animal and vegetable oils and fats) and SITC division 22 (oil seeds, oil nuts, and oil kernels). they nonetheless do suggest the relative importance of exports as a share of global output. As illustrated in Figures 7 and 8 , the patterns are similar. The "thinness" of manufactured exports seems comparable to several of the individual products in Figure 7 . In contrast, high tech and food markets seem much thinner with exports representing 2% to 4% of world GDP while exports of agricultural raw material capture the middle, ranging between an 8% to 10% share of world AVA. Based on this metric, for agricultural products that could be deemed thin, it seems that the performance of their exports as a share of production is not exceptional.
One reason why thin markets raise concern, especially with respect to price volatility is that with thin markets, a small number of transactions can lead to widely variable prices. Another possible metric that suggests competitiveness of markets is to look at the number of participants. The larger the number of agents competing in any market, the more liquid the market, the less likelihood that any one agent has market power and the less likelihood that few transactions will unduly influence the outcome.
The relevant metric therefore is the number of firms participating in world markets. But, this information is not readily available. Hence, to get an impression of the number of participants in each of the selected markets, the number of countries trading a particular product from the bilateral trade data from UNCOMTRADE is used. Countries as observational units are often used in trade, especially to determine world equilibrium prices in partial equilibrium models. The data used include all reported trade irrespective of the volume. How much each country trades is captured by the concentration index reported below. Information is based on exporting countries as reporters. Importer information is calculated from the bilateral exports. This may bias importer information when countries import from non-reporting exporters. Since most of the countries are covered in the data this is not expected to be a serious problem. Table 4 shows the average number of exporters and importers participating in the selected markets in each decade since 1970 (Annex Table 1 contains information for each year). Table 4 . Average number of exporters and importers for selected agricultural commodities As indicated in Table 4 , there are multiple more countries demanding (importing) a particular good than are countries supplying (exporting) them, consistent with results presented in Table 3 . The table also illustrates the impact of globalisation on market participants as the number of exporting and importing countries expanded materially especially since the 1990s. The data in Table 4 further illustrate that trade participation especially during the 2000s is not materially different among the selected commodities. From this set of data, it is difficult to discern differences in the "thinness" of the various markets. The rice market, often cited as an example of a thin market, has more participants (exporters and importers) than either wheat or maize markets, in each decade and soybean seeds and soybean oil, among the "fattest" markets when measured by exports as a share of production, are exported by fewer countries than the other products.
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Of course, the number of participants is partly indicative of the degree of competition in a market and the potential for few transactions to dominate and skew the results. Many participants may not be indicative of competition if most are marginal participants with trade dominated by few major players. Another indication is gleaned by computing a Herfindahl index for each commodity. The Herfindahl index is computed as the sum of the square of each participant's market share. Ideally, this index should be computed from data on individual trading firms and their market share. Since this data is not available, the index is computed from of each country's market share. This is an indication of market concentration, and can be computed to show exporter or importer concentration. Small values of the index indicate a competitive market with each participant holding a small share while large values indicate the opposite.
14 In cases where all participant have equal shares, the index is equal to one divided by the number of participants. Relating this to thin markets, how does the Herfindahl Index compare for the various selected commodities? Table 5 reports the computed average Herfindahl Index for each of the selected commodities for each decade since 1970. Note that the Herfindahl Index for exporters is larger than for importers suggesting that on the exporting side, there are a few participants with relatively large market share whereas importing countries tend to each import a relatively small share of the total. But, for all commodities other than raw sugar, the Herfindahl Index for exporters fell during the last 40 years indicating that along with a larger number of participants over time, concentration fell as market share of each exporter declined and international markets became more competitive. On the import side as well, increased number of participants resulted in lower concentration but from a much smaller level suggesting that competition in import markets increased.
Comparing the index among the different commodities, the international soybean market is the most concentrated while meat of bovine animals is the least concentrated. Over the time period examined however, differences in the concentration ratio among the 14.
The US Department of Justice uses the Herfindahl index to determine an industry's competitiveness. A Herfindahl Index above 0.18 indicates an industry that is very concentrated. selected products has narrowed especially for exporters. The rice market does not stand out as exceptional by this metric. Its concentration ratio on both the export and import side is neither the highest nor the lowest. In fact, among the selected importing markets, the rice market (along with refined sugar market) has the lowest concentration ratio implying that it is more competitive than the other markets. This finding is consistent with the structure of rice production and marketing which is characterised by very large number of farmers, traders, processors, retailers and consumers (Timmer 2009).
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Conclusions
Most agricultural markets are naturally volatile given the relative dependence of production on climatic conditions. With relatively inelastic demand and supply, shortages or abundance relative to the underlying trend leads to relatively large price swings. Abbott, Hurt and Tyner (2011) indicate that many agricultural commodities have become more inelastic suggesting larger price swings from a given supply shock. Trade is an avenue that can mitigate large price variability as it equilibrates demand and supply through space, moving goods from surplus areas to deficit areas with higher demand. For this to work efficiently it is supposed that markets must not be thin or in other words must be deep or liquid. Thin markets are characterised by relatively low volumes, asymmetric information, few agents or transactions per period, with market power and high transaction costs. The presence of any of these characteristics leads to inefficient and volatile prices. It is often stated that agricultural markets are thin and more volatile. In internationally traded agricultural commodities, the metric often used to indicate market thinness is exports as a share of production. This metric is used in this study to measure market thinness of selected agricultural commodities. For robustness, two other indicators are used, the number of traders and market power. As information of the number of transactions and their associated prices is difficult to find, the number of countries participating in trade of a particular product is used as a proxy. To measure market power, the Herfindahl Index for each exporter or importer is calculated. The three measures are then examined to determine whether the selected markets have become thinner.
Definition of thin markets is rather subjective however as there's no information or analysis on the ideal level of the indicator variables. Is there a particular share of exports or number of participants or concentration index that distinguishes thin from liquid markets? Is this a universal ratio or does it depend on the market? The results from this study suggest that the answer is no.
The results suggest that the volume that must be displaced from surplus producers to deficit consumers to equilibrate world demand and supply seems to be product specific. Some markets, like rice, a relatively small fraction of world production needs to cross borders to equilibrate demand and supply as most of the consumption occurs in countries that produce most of the product. Other markets, say whole milk powder, sugar or soybeans, most of the production occurs in countries that are geographically separated from countries with most of the consumption and a larger share of world production crosses borders to balance demand with supply. And, this seems to have changed little over the 40 some years examined. Demand for each of the selected products has increased consistent with rising incomes and world population but in many cases so has local supply, rendering a rather stable or even increasing export to production ratio over time.
Thus, the results suggest that by most measures used in the analysis, agricultural markets have not become thinner. For most products examined, exports as a share of production have either remained stable or increased over time. In only two cases -maize
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OECD FOOD, AGRICULTURE AND FISHERIES WORKING PAPER N°54 © OECD 2012 and butter -is there statistical evidence that exports as a share of production on average were lower in the 1995-2010 period compared to 1970-94 period. Furthermore, the number of participants in the selected markets both as suppliers and as recipients has increased while trade has become less concentrated. All three indicators therefore point to markets that are not becoming thinner. OECD (2011) reports that price volatility varies by commodity and over time with the general conclusion that price volatility is higher in 2006-10 then in the 1990s, but not necessarily higher than that of the 1970s. Given that most of the selected agricultural markets have not become thinner during this time period, the assertion that prices are now more volatile because of the thinness of agricultural markets may need to be re-evaluated.
The results indicate that production grew at a slower pace since 1995 for many of the products examined. Faster productivity growth can help mitigate price rises for products with strong demand growth. Trade can also help moderate price swings by balancing global demand and supply. Given relatively inelastic demand and supply small changes in trade can lead to significant price changes regardless of the underlying share of production that is traded. It may not be very meaningful therefore to compare the share of production exported between various products as that share may reflect market, biological or climatic fundamentals. One of the crucial factors for alleviating large price swings from unexpected shocks is to allow trade to flow unburdened by domestic and border policies allowing each market to adjust within the boundaries of those fundamentals. Government policies suddenly blocking or restricting the free flow of goods to international markets, increase uncertainty, add to the vulnerability of the supply chain especially during periods of low stockholding, shake confidence that produce will be supplied when needed and contribute to higher and more volatile world prices (if the country is a major trader). Such actions contribute to making markets thinner, at least temporarily, relative to the underlying fundamentals. Although, outright bans are relatively infrequent and they tend to be of limited duration they can have dramatic consequences. The impacts on world markets will be examined under future work on export restrictions.
